SUMMARY
IT IS THOUGHT that ventricular extrasystoles occurring during angiocardiography are associated with mitral regurgitation because they are not preceded by, and the mitral valve is not preclosed by, an effective, normally sequenced atrial contraction. '-3 However, in previous studies from this labora Investigator, American Heart Association; Dr. Van- denberg is a Fellow of the Minnesota Heart Association and the National Heart Foundation of Australia.
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Circulation, Volume XXXIX, February 1969 at a constant rate, the amount of mitral reflux observed has frequently been no different from the amount seen with normally sequenced atrial and ventricular driving. 4 When reflux has been observed with isolated ventricular systoles, it has been possible to relate the amount of reflux to variations in ventricular function.6 Thus, it has seemed probable that any reflux accompanying ventricular extrasystoles might be related to variations in ventricular function in addition to lack of preclosure of the valve. However, spontaneous ventricular extrasystoles differ from the previously studied isolated ventricular systoles in one important respect-they occur irregularly, while the latter occurred regularly. In the present study the effect on mitral valve function of ventricular extrasystoles introduced at various times in the cardiac cycle so that no preceding atrial contraction occurred was studied by means of the videodensitometer previously described by Wood and co-workers.7
Methods
The methods used From the left ventricular pressure tracings in figure 4 and the data in table 1, it is evident that recurrent extrasystoles were interposed so early in the cycle that a discrete second ventricular contraction usually did not occur despite a second ventricular depolarization. The second depolarization resulted in extrasystolic potentiation of the primary ventricular contractions. The weak extrasystolic mechanical event occurred during the relaxation phase of the primary systole so that it is unlikely that the mitral valve opened prior to the ectopic systole. It is not surprising, therefore, that mitral regurgitation did not occur or was minimal in association with this type of very early extrasystole ( fig. 4, right panel) . Recurrent tThese extrasystoles were timed to occur after 52% (49% to 56%) of the normal R-R interval had elapsed. Early extrasystoles timed to occur at 39% (36% to 43%) of the normal R-R interval nmerged with descending limb of primary beat in fouLr of six dogs, hence these data not obtained.
the mitral valve to open after each primary ventricular systole (fig. 4, middle panel) . Thus, mitral regurgitation is possible at the onset and during each extrasystole of this type.
With recurrent early extrasystoles the primary ventricular contraction was potentiated and mitral regurgitant indexes were decreased from control levels (table 1) . With recurrent mid-cycle extrasystoles, end-diastolic pressure prior to each extrasystole tended to be higher than in the control rhythm or for the primary beats associated with the extrasystoles; the systolic pressure of the extrasystolic beats was decreased, and the mitral regurgitant indexes were increased significantly (mean increase 7%, standard error 1.2%, P < 0.01).
Discussion
The previously demonstrated linearity and sensitivity of the videodensitometer, [4] [5] [6] [7] fig. 1) is of interest. The ventricle is obviously large, the valve ring probably is, and end-diastolic pressure is comparatively high at the termination of such a prolonged diastole. If the occurrence of reflux during the systole which terminates this prolonged diastole depended on the size of the ventricle and the valve ring, reflux would be expected. However, such a postectopic systole usually consists of a strong contraction with a rapid rise in pressure as blood is ejected against a low outflow resistance occasioned by the decrease in aortic pressure associated with the long diastolic pause and decreased stroke volume of the preceding ectopic systole.
Mitral regurgitation has been produced consistently in the present study only when regularly recurrent extrasystoles were introduced late enough in the cardiac cycle for the mitral valve to open after each primary normal systole. Such mid-cycle extrasystoles were preceded by very short diastolic-filling periods and were without an atrial-systolic boost to aid ventricular filling and possibly aid closure of the mitral valve. Thus, it is likely that the ventricular volume prior to such extrasystoles was smaller than the volume prior to primary systoles or to the normal systoles in control observations. Despite this, the left ventricular end-diastolic pressure prior to such extrasystoles was similar to, or higher than, the pressure preceding the primary systole or the systole in control observations. The ensuing extrasystolic contraction was too weak in most cases to open the aortic valve, and the maximal rate of pressure rise in the ventricle during systole was less than that for the primary systole or for the systole in the control observations. The occurrence of mitral regurgitation in time with such weak extrasystoles not preceded by a normally timed atrial systole is consistent with previous observations from this laboratory.6 The amount of reflux occurring with isolated regular ventricular systoles (simultaneous atrial and ventricular driving) Circulation, Volume XXXIX, February 1969 before, during, and after extrasystolic potentiation of ventricular contraction was related inversely to the rate of pressure rise in the left ventricle during systole and directly to the level of end-diastolic pressure or the size of the ventricle prior to the onset of systole. Thus, although in this study the size of the ventricle prior to such mid-cycle extrasystoles was probably small, the valve is probably not closed rapidly and tightly enough to prevent reflux because of the slow rise of pressure during systole.
The data suggest that when reflux occurs in association with single isolated ventricular extrasystoles during clinical angiocardiography, mitral valve disease, impairment of ventricular function, or both, should be suspected and that such reflux should not be attributed wholly to the lack of preclosure of the valve by a normally timed atrial systole." Also, as pointed out by Williams and co-workers,12 if an atrial contraction occurs during angiocardiography and, due to temporary ventricular refractoriness or block of atrioventricular conduction, is not followed by a normally sequenced ventricular contraction, significant diastolic mitral valve reflux would be expected to occur. The occurrence of isolated atrial systoles might also explain the findings of Paul and co-workers13 who observed mitral reflux in experimental animals during long diastolic pauses. However, it is also possible that the larger volumes of contrast medium injected in their study and in clinical medicine (0.7 to 1.5 ml/kg) might cause diastolic reflux which was not observed in the present study because of the smaller volumes injected (0.2 to 0.3 ml/ kg). In assessing clinical angiograms, one must also take into account the position of the injecting catheter. If the tip is pointing directly toward the mitral valve, reflux is probably more likely to occur than it is if the catheter tip is pointing toward the apex, as it was in these studies.
